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GaN workshop continues 
the substrate search 
Markus  Kamp,  Un ivers i ty  o f  U Im 
The continuing search for suitable substrates was the focal point of the 'Third European Workshop on GaN 
(EGW-3)' held in Warsaw, Poland, from 22-24 June. Since EGW-1 was held in Rigi, Switzerland, in 1996, the 
numbers of attendees and contributed papers are steadily increasing, culminating in a total of 150 partici- 
pants for the latest workshop. 
th the development of 
dvanced GaN devices 
till awaiting the elabora- 
tion of improved substrates, much 
of the focus of EGW-3 can be sum- 
marized as the search for superior 
alternatives to sapphire and SiC. 
GaN bulk single crystals, free 
standing GaN layers, epitaxial later- 
al overgrowth (ELOG) quasi-sub- 
strates or thick GaN layers, either 
grown by hydride vapour epitaxy 
phase (HVPE) or metal organic 
vapour phase epitaxy (MOVPE), 
will play a significant role and have 
been investigated extensively. Each 
approach as its particular advan- 
tages and disadvantages. Besides 
the substrates, piezoelectric effects 
and their impact on devices as well 
as the termination of the surfaces 
(Ga- or N-sides) have been hot and 
controversial topics. 
EGW-3 started with a brief retro- 
spect on GaN history by J.Pankove 
(Astralux, Boulder, CO, USA), the sci- 
entist who led the field for many 
years. Afterwards, the workshop's 
technical sessions were opened by 
today's leading scientist, Shuji 
Nakamura (Nichia Chemical, 
Tokushima-ken, Japan), with a talk 
on GaN based laser diodes. He re- 
ported a measured lifetime >6000 
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Figure 1. Quasi-substrates made by MOVPE ELOG are gaining increasing importance for 
GaN because of their wide availability. B.Beaumont (CNRS-CRHEA, Valbonne, France) has 
achieved excellent results, demonstrated by very narrow PL linewidths, using this technique 
together with Mg doping. 
hours, maximum optical power up 
to 420 mW and a threshold current 
density of 1.2 kA.cm -2, all for 300 K, 
continuous wave (CAV) operation. 
Nakamura is also setting the 
pace in the most obvious trend at 
EGW-3, the improvement ofdevices 
by enhancing crystalline quality us- 
ing either free standing GaN sub- 
strates and/or lateral overgrowth by 
HVPE and/or MOVPE. He reported 
the first GaN laser grown on free 
standing GaN films, where 200 
GaN has been deposited by HVPE 
on top of epitaxially overgrown 
GaN layers (ELOG) deposited by 
MOVPE. Subsequently, the underly- 
ing sapphire has been removed, al- 
lowing the formation of cleaved 
facets and reducing the thermal re- 
sistance of the device by a factor of 
two. Compared with lasers with 
similar threshold ensities those de- 
vices reveal a significantly improved 
lifetime. However, some laser char- 
acteristics (e.g. threshold current 
density) are not yet as good as for 
conventional ELOG lasers. 
GaN bulk single crystals, a field 
led by the High Pressure Research 
Center of the Polish Academy of 
Sciences (Unipress,Warsaw, Poland) 
still provides the best crystal prop- 
erties as indicated by the extremely 
narrow linewidth in photolumines- 
cence (PL) and X-ray diffraction. 
Besides this approach, quasi-sub- 
strates made by HVPE and/or ELOG 
are gaining increasing importance 
for GaN because of their wide avail- 
ability. The enormous potential of 
these techniques is demonstrated 
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Figure 2. I. Daumiller (University of UIm, Germany) reported the operation of HFETs up to 750°C, which look to have considerable promise for 
electronic applications. 
by the excellent results presented 
by B.Beaumont (CNRS-CRHEA, 
Valbonne, France), who presented 
very narrow PL linewidths using 
MOVPE ELOG together with Mg 
doping (Figure 1). 
Device developments 
Optical devices presented at EGW- 
3 included laser diodes, LEDs from 
370 - 595 nm, LEDs on GaN sub- 
strates and photodetectors with 
excellent device characteristics u - 
ing hetero- and homoepitaxial lay- 
ers. Talks on improving LED 
reliability and the principles of 
light emitting mechanisms were al- 
so presented. 
An overview, one of the invited 
talks, about electronic devices and 
their applications was given by L. 
Eastman (Cornell University, Ithaca, 
NY,, USA). Further contributions on 
FETs reported on dopant free 
transistors, as well as the high tem- 
perature performance of modula- 
tion-doped (MOD)FETs. I. Daumiller 
(University of Ulm, Germany) re- 
ported the operation of HFEFs up 
to 750°C (Figure 2), which look to 
have considerable promise for e lec -  
t ron ic  applications. 
Crystal growth 
Special sessions on crystal growth 
by molecular beam epitaxy (MBE) 
and VPE were opened with invited 
overviews by C.T Foxon (University 
of Nottingham, UK) and V. Dmitriev 
(Ioffe Physical-Technical Institute, St 
Petersburg, Russia), respectively. 
With MBE both GaN substrates and 
quasi-substrates (e.g. MOVPE or 
HVPE grown templates) are gaining 
in importance, since they can signif- 
icantly improve the quality of 
the subsequent MBE layers. 
Contributions on VPE were mainly 
focused on the preparation and im- 
provement of such quasi-substrates 
by thick layers or ELOG. 
Dopants and defects were the 
topics of another session that be- 
gan with an invited talk on 
positron annihilation studies by P. 
Hautojiirvi (Helsinki University of 
Technology, Finland). By this 
method, VGa (i.e Ga vacancies) 
have been identified to be respon- 
sible for the yellow luminescence. 
Other contributions dealt theoreti- 
cally and experimentally with shal- 
low acceptors and donors. 
The session on properties and 
characterization had an invited talk 
by G.Dollinger (Technical Uni- 
versity of Munich, Germany) on 
elastic recoil detection (ERD), an 
unusual, but powerful, technique 
to determine composition and im- 
purities. Other talks dealt with 
high quality materials and phase 
separation of InGaN and AIGaN. 
Physical properties of GaN based 
semiconductors were addressed in
another session opened with an in- 
vited talk by R.Stepniewski 
(Warsaw University, Poland). PL 
and Raman scattering are still the 
typically used optical techniques 
to access the physical properties 
of III-Nitride semiconductors. 
A morning was devoted to 
microstructural properties. A. 
Hangleiter (University of Stuttgart, 
Germany) presented the current 
thinking on piezoelectric effects in 
GaN based structures in an invited 
talk. The resulting fields can be of 
significant importance for FETs and 
quantum well (QW) devices uch as 
LEDs and LDs. J.L.Rouviere (CEA- 
Grenoble, France), in his invited talk, 
provided information on the surface 
termination and heterostructures 
gathered by various electron mi- 
croscopy techniques. M.Leszczynski 
(High Pressure Research Centre, 
Warsaw, Poland) summarized the lat- 
est achievements in homoepitaxial 
growth on GaN single bulk sub- 
strates at several European laborato- 
ries in his talk. The last session 
started with an invited talk by R.M. 
Feenstra (Carnegie Mellon 
University, Pittsburgh, PA, USA) on 
Ga- and N-terminated surfaces in 
MBE. Wet chemical etching, surface 
termination and ad layers were also 
addressed by experimental nd the- 
oretical techniques in this final 
session. 
The two poster sessions were 
well attended, with 32 posters pre- 
sented in two sessions covering all 
fields of III-nitride research from 
theoretical and fundamental stud- 
ies to devices. The Rump Session 
organized by E.Weber (University 
of California at Berkeley, USA) was 
on GaN based devices. Within this 
IIl-Vs Review ° Vol.11 No. 6 1998 
43  
EGW-3 Report 
session, the panel members (which 
were with one exception from the 
USA and Japan) encouraged the at- 
tendees to contribute to the im- 
provement of GaN devices by 
either fundamental or by immedi- 
ate device research. Again, the 
Rump Session concluded explicitly 
the importance of improved sub- 
strates for GaN technology. 
Most of the valuable contribu- 
tions presented at Warsaw will be 
included in the proceedings of 
EGW-3; additionally, they will ap- 
pear as peer reviewed articles in 
the Material Research Society 
Internet Journal of Nitride 
Semiconductor Research (MIJ- 
NSR), which is freely accessible at 
http://nsr.mij.mrs.org. 
Well attended 
The 150 delegates at EGW-3 in- 
cluded 35 researchers came from 
Poland, 22 from Germany, 13 each 
from France, the UK and the USA, 
as well as 12 attendees from 
Russia. The large number of atten- 
dees made it a challenge to ensure 
the meeting retained the character- 
istics of a workshop, but this was 
successfully achieved by the orga- 
nizers from Unipress. Besides the 
many excellent scientific ontribu- 
tions, the workshop attendees en- 
joyed a diverse social programme, 
which included a post-workshop 
visit to the Unipress site in 
Celestynow. 
The excellent organization 
places a big burden on the organiz- 
ers of the next European GaN 
Workshop, which will be held at 
University of Nottingham, UK.John 
Orton will serve as the chairman of 
the workshop, which will probably 
be scheduled for July 2000. 
At the next meeting, it is to be 
hoped that the European GaN 
community will have progressed 
many of its efforts towards de- 
vices. EGW-3 demonstrated that 
Europe is still particular strong in 
characterization a d fundamental 
research, but.is significantly behind 
the USA and Japan regarding de- 
vices. Despite the slightly in- 
creased number of contributions 
on device research, the situation at 
the latest workshop was very simi- 
lar to that of EGW-1. For example, 
only two out of the 10 invited talks 
dealt with devices and both speak- 
ers came from abroad. In contrast, 
the remaining eight talks on 
growth, characterization a d other 
topics were all, save one, given by 
European researchers. 
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